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Perception of familiar contrasts in unfamiliar positionsa)
Mirjam Broersmab)
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This paper investigates the perception of non-native phoneme contrasts which exist in the native
language, but not in the position tested. Like English, Dutch contrasts voiced and voiceless
obstruents. Unlike English, Dutch allows only voiceless obstruents in word-final position. Dutch and
English listeners’ accuracy on English final voicing contrasts and their use of preceding vowel
duration as a voicing cue were tested. The phonetic structure of Dutch should provide the necessary
experience for a native-like use of this cue. Experiment 1 showed that Dutch listeners categorized
English final /6/–/2/, /3/–/)/, /"/–/!/, and /$/–/#/ contrasts in nonwords as accurately as initial
contrasts, and as accurately as English listeners did, even when release bursts were removed. In
experiment 2, English listeners used vowel duration as a cue for one final contrast, although it was
uninformative and sometimes mismatched other voicing characteristics, whereas Dutch listeners did
not. Although it should be relatively easy for them, Dutch listeners did not use vowel duration.
Nevertheless, they attained native-like accuracy, and sometimes even outperformed the native
listeners who were liable to be misled by uninformative vowel duration information. Thus,
native-like use of cues for non-native but familiar contrasts in unfamiliar positions may hardly ever
be attained. © 2005 Acoustical Society of America. @DOI: 10.1121/1.1906060#
PACS numbers: 43.71.Hw, 43.71.Es @ARB# Pages: 3890–3901
I. INTRODUCTION
In 1939, Trubetzkoy ~reprinted as Trubetzkoy, 1977! ob-
served that the sounds of a foreign language often get mis-
interpreted, because they go through the ‘‘phonological
sieve’’ of the native language. Later research has proven Tru-
betzkoy right. The Perceptual Assimilation Model ~PAM!
~Best, 1994; Best, McRoberts, and Sithole, 1988! describes
how listeners assimilate non-native speech sounds to the na-
tive category that is perceptually most similar. The PAM pre-
dicts which non-native speech sounds will be difficult to dis-
tinguish, based on the similarities and dissimilarities of the
phonological structures of the native and the non-native lan-
guage. The most difficult distinction is that between non-
native speech sounds which match a single native category
equally well. If the non-native language has two categories
where the native language has only one in the same phonetic
space, both non-native speech sounds will be assimilated to a
single category. This is the case, for example, with Japanese
listeners’ perception of English /./ and /(/ ~Best and Strange,
1992!. According to the PAM the easiest distinction is that
between non-native speech sounds which are assimilated to
two separate native categories. As the non-native contrast
corresponds to a native contrast, it is easy to perceive.
However, languages not only have a phoneme inventory,
they also have their own language-specific phonotactic con-
straints. The perception of non-native contrasts not only de-
pends on the presence or absence of similar speech sounds in
the native language, but also on native-language phonotactic
constraints. This was demonstrated in a study of Chinese
listeners’ perception of the English /$/–/#/ contrast in word-
final position ~Flege, 1989!. Chinese has a /$/–/#/ contrast,
but not in word-final position. Word-initial /$/ and /#/ are not
distinguished by closure voicing in Chinese, but on the basis
of information in the release burst ~Flege, 1989!. Flege
~1989! found that Chinese learners of English categorized
unedited tokens of English word-final /$/ and /#/ almost as
accurately as the native English listeners did. Their perfor-
mance hardly decreased when closure voicing was removed,
but was strongly affected by removal of the release burst.
Flege concluded that the Chinese listeners used Chinese
word-initial cues to distinguish between English /$/ and /#/ in
word-final position. Flege and Wang ~1989! showed that not
only experience with the contrast itself, but native-language
experience with any word-final stops influenced the percep-
tion of the word-final stop voicing contrast. Neither Can-
tonese Chinese nor Mandarin Chinese has a word-final stop
voicing contrast, but /!,#,%/ can occur word finally in Can-
tonese, whereas Mandarin does not permit any word-final
obstruents. Flege and Wang ~1989! found that native listeners
of Cantonese distinguished the English final /$/–/#/ contrast
more accurately than native listeners of Mandarin did, which
they attributed to the Mandarin listeners’ lack of native lan-
guage experience with word-final obstruents.
Further, the perception of non-native contrasts may de-
pend not only on the presence or absence of similar pho-
nemes in the native language, but also on the presence of
utterly different contrasts. Crowther and Mann ~1992!
showed that the use of perceptual cues for a particular non-
native contrast may depend on the use of the same cues for
other phoneme distinctions in the native language. Like
Mandarin Chinese, Japanese has a /$/–/#/ contrast, and does
not permit word-final stops. Whereas Japanese has long and
short vowels, Mandarin Chinese does not have this distinc-
tion. Crowther and Mann tested the perception of the English
a!A partial report of this work was presented at the 147th Meeting of the
Acoustical Society of America, New York, May 2004.
b!Electronic mail: mirjam.broersma@mpi.nl
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word-final /$/–/#/ contrast by Japanese and Mandarin learn-
ers of English. The Japanese listeners showed a greater sen-
sitivity to the duration of the vowel preceding the final con-
sonant and categorized the English final /$/–/#/ contrast more
accurately than the Mandarin listeners did.
Thus, the categorization of a non-native contrast which
exists in the native language, but in a position where it does
not occur in the native language, seems to benefit from
native-language experience with one of the phonemes of the
contrast in the relevant position and from experience with
relevant perceptual cues. These findings suggest that the po-
tential for accurate and native-like categorization of a non-
native but familiar contrast in an unfamiliar position is high-
est for native listeners of a language which provides such
experience. Of all languages that contrast voiced and voice-
less obstruents but not in word-final position, those lan-
guages which allow for either voiced or voiceless obstruents
in word-final position, and in which vowel duration is used
as a cue ~for any phoneme contrast!, offer the best prepara-
tion for accurate categorization of the word-final obstruent
voicing contrast and for the use of vowel duration as a cue.
As Dutch has a distinction between voiced and voiceless
obstruents in word-initial and -medial position, allows for
voiceless obstruents in word-final position, and also provides
experience with the use of vowel duration as a cue for sev-
eral phoneme distinctions, native listeners of Dutch should
be well prepared to learn to distinguish English voiced and
voiceless word-final obstruents as a familiar contrast in an
unfamiliar position, and to use vowel duration as a cue. Es-
pecially advanced learners of English can be expected to
have learned to do this, through combining their native and
non-native language experience. Therefore, this paper inves-
tigates whether Dutch listeners with a high level of profi-
ciency in English categorize English final obstruent voicing
contrasts with a native-like level of accuracy and with a
native-like use of the vowel duration cue. It provides a test of
the perception of a non-native but familiar contrast in an
unfamiliar position by listeners with a language background
that is most suitable for the task.
Dutch and English share four pairs of voiced and voice-
less obstruents: the alveolar and labiodental fricatives /6/, /2/,
/3/, and /)/, and the bilabial and alveolar stops /"/, /!/, /$/,
and /#/. Unlike English, Dutch neutralizes voicing distinc-
tions in syllable-final, prepausal position ~Booij, 1995!.
Thus, although in Dutch obstruent voicing is a relevant con-
trast in word-initial and-medial position, Dutch has no word-
final voicing contrasts. Dutch does allow for /2,),!,#/ in word-
final position. Further, Dutch distinguishes between long and
short vowels ~Booij, 1995!. As part of the difference between
long and short vowels is phonetic vowel duration, Dutch
listeners are familiar with the assessment of this cue. Dutch
listeners even have native-language experience with the use
of vowel duration as a cue to word-medial obstruent voicing.
In Dutch, vowels preceding a medial voiced consonant are
slightly longer than vowels preceding a medial voiceless
consonant. According to Slis and Cohen ~1969a!, the average
difference is 30 ms before stops and 40 ms before fricatives.
Van den Berg ~1989! found that Dutch listeners used vowel
duration to decide on the voicing of intervocalic two-
obstruent sequences, although it was not among the most
important perceptual cues. A study by Jongman et al. ~1992!
suggests that Dutch listeners may be able to generalize their
knowledge about the relationship between vowel duration
and word-medial obstruent voicing to the case of word-final
obstruents. In this study, Dutch listeners categorized vowels
from a vowel length continuum as long or short. Stimuli
corresponded to the Dutch words /2#~$/ and /2#~:#/, and /6~#/
and /6~:$/, in which vowel length and underlying voicing of
the final consonant are crossed. The surface word-final con-
sonant was always voiceless. The location of the phoneme
boundary differed between the two continua, suggesting that
the perception of ambiguous vowel duration depended on the
underlying voicing of the word-final stop.
In English, the difference in vowel duration before
voiced and voiceless obstruents is larger than in Dutch.
Peterson and Lehiste ~1960! found a difference of 96 ms
before word-final stops and 148 ms before word-final frica-
tives. There is extensive evidence for the great importance of
preceding vowel duration for the perception of voicing of
word-final obstruents in English ~e.g., Raphael, 1972!. Al-
though the role of vowel duration as a cue to voicing seems
to be smaller in Dutch than in English, Dutch listeners’ fa-
miliarity with the cue in word-medial position may facilitate
its use in word-final position in English.
As their native language has not provided them with any
knowledge about the relevant acoustic cues for voicing in
final position, Dutch listeners may try to identify the voicing
of English final obstruents with the aid of the perceptual cues
they rely on for Dutch initial and intervocalic voicing con-
trasts. This may be quite successful, as Dutch and English
obstruents have a high degree of articulatory similarity, and
the perceptual cues that signal the voicing distinctions over-
lap to some extent. Van Alphen and Smits ~2004! showed
that Voice Onset Time ~VOT!, specifically the presence or
absence of prevoicing, is the strongest cue to initial stop
voicing in Dutch. In the absence of prevoicing, voicing judg-
ments for labials relied most strongly on the extent of F0
change into the following vowel, and for alveolars on the
spectral center of gravity of the burst. Other significant cues
were the duration and power of the burst. For intervocalic
obstruents, presence or absence of vocal-fold vibration ~Slis
and Cohen, 1969b; Slis and Van Heugten, 1989!, closure
duration for stops ~Kuijpers, 1996; Slis and Cohen, 1969a!,
and frication duration for fricatives ~Slis and Van Heugten,
1989! have been shown to influence the perception of voic-
ing. For intervocalic two-obstruent sequences, presence or
absence of vocal-fold vibration during the closure of the two
obstruents is the most important cue ~Van den Berg, 1989!.
Closure duration of the second consonant, duration of the
preceding vowel, and for fricatives the intensity of frication
noise play a smaller but significant role ~Van den Berg,
1989!.
All of the above-mentioned cues have been found to be
used by English listeners to distinguish voiced and voiceless
obstruents in word-final position ~see, e.g., Watson, 1983 for
a review!, and Dutch listeners may use their knowledge
about Dutch voiced and voiceless obstruents to make the
same distinction for final English obstruents. However, there
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are differences between Dutch and English obstruents, and
thus between the critical values of the cues, and the weight
attributed to each cue for optimal identification.
For example, the two languages differ in the critical
value of VOT for voicing of initial stops. English contrasts
voiceless unaspirated and voiceless aspirated stops ~Lisker
and Abramson, 1964!, and the duration of the voicing lag is
a cue to voicing in English ~e.g., Watson, 1983!. Van Alphen
and Smits ~2004! found that 75% of Dutch voiced initial
stops were produced with a voicing lead, and that the pres-
ence or absence of prevoicing was the strongest perceptual
cue for initial stop consonant voicing in Dutch. Although
initial stops without prevoicing were not automatically cat-
egorized as voiceless, but were assessed on the basis of other
cues ~as described above!, initial stops without prevoicing
were misperceived more often than prevoiced stops ~37% vs
1%!. In English, initial voiced stops are less often prevoiced
than in Dutch. Smith ~1978! found that bilabial voiced stops
were prevoiced 56%, and alveolar stops 50% of the time in
careful speech. Therefore, Dutch listeners may misperceive
English initial voiced stops relatively often.
Another difference between Dutch and English is the
importance of the duration of the preceding vowel as a cue to
obstruent voicing. If Dutch listeners process English final
obstruents in the same way they process Dutch obstruents,
they may not attribute as much weight to vowel duration as
English listeners do. This may not be a problem when
enough other cues are available, but it may lead to less ac-
curate categorization of unreleased stops. In English, final
stops are often produced without a release burst ~Byrd,
1993!. English listeners have little difficulty identifying the
voicing of stops without a release burst ~e.g., Flege and Hil-
lenbrand, 1987!, which may be explained by the redundancy
of information in the speech signal. However, if Dutch lis-
teners use vowel duration as a voicing cue less than English
listeners do, the Dutch listeners may have more difficulty
identifying English final obstruents without a release burst.
In experiment 1, Dutch and English listeners’ categori-
zation of the British English obstruent voicing contrasts
/6/–/2/, /3/–/)/, /"/–/!/, and /$/–/#/ was investigated in initial
and final position in nonwords. It was investigated whether
Dutch listeners had a preference for identifying English final
obstruents as voiceless, as Dutch allows voiceless but not
voiced obstruents in word-final position. The effect of re-
moval of the release burst was investigated for the final
stops. For reasons of comparison, a contrast which was ex-
pected to be difficult to distinguish for Dutch listeners was
included in the experiment, namely the English /,/–/}/ con-
trast. The PAM predicts that this phoneme pair belongs to the
set of most difficult English contrasts for Dutch listeners.
Standard southern British English distinguishes two open
midfront unrounded vowels, whereas Dutch has only one
vowel in this part of the vowel space. Although the Dutch
vowel is denoted as /}/, it is lower than the English /}/, so
that it is located between English /}/ and /,/. As Dutch lis-
teners will assimilate both English vowels to the single
Dutch category, the distinction between the phonemes is ex-
pected to be difficult. Indeed, British English /,/ and /}/
have been found to be difficult to distinguish for Dutch lis-
teners ~Schouten, 1975!.
Dutch and English listeners’ use of vowel duration as a
cue to final obstruent voicing was further investigated in ex-
periment 2. If Dutch listeners use vowel duration as a cue
less than English listeners do, Dutch listeners may find it
easier to ignore vowel duration when this cue is made unre-
liable than English listeners do. In experiment 2 it was in-
vestigated whether Dutch and English listeners relied on
vowel duration as a cue to final obstruent voicing when this
cue was uninformative and when it mismatched with other
information in the signal.
II. EXPERIMENT 1
A. Method
1. Participants
Twenty native speakers of Dutch and 20 native speakers
of British English took part in the experiment. The Dutch
participants had a high level of proficiency in English as a
second language. They had received on average 7 years of
English instruction in primary and secondary education. The
English participants did not know any Dutch. The Dutch
participants were recruited from the Max Planck Institute
participant pool, and the English participants from the par-
ticipant pool of the Laboratory of Experimental Psychology
of the University of Sussex. None reported any hearing loss.
All were volunteers and received a small fee for participa-
tion.
2. Materials
The vowel contrast /,/–/}/ was to be tested in one po-
sition and the four consonant contrasts /6/–/2/, /3/–/)/, /"/–/
!/, and /$/–/#/ in two positions. Therefore, nine pairs of
monosyllabic CVC items were selected. Each pair differed in
one phoneme pair, corresponding to the contrast to be tested.
The nontarget consonants in the CVC items were obstruents,
in order to minimize their influence on the target sounds. All
TABLE I. Experiment 1 items.
/æ/–/«/ /)æ)/–/)«)/
Initial /6/–/2/ /z{:)/–/s{:)/
Final /6/–/2/ /)É:z/–/)É:s/
Initial /3/–/)/ /vÉ:%/–/fÉ:%/
Final /3/–/)/ /%É:v/–/%É:f/
Initial /"/–/!/ /b˙:)/–/p˙:)/
Final /"/–/!/ /fi:b/–/fi:p/
Initial /$/–/#/ /d{:2/–/t{:2/
Final /$/–/#/ /)˙:d/–/)˙:t/
TABLE II. Experiment 1, acoustic measures of stimuli with /,/ and /}/:
Mean F1 steady-state frequency ~Hz!, mean F2 steady-state frequency
~Hz!, and mean vowel duration ~ms!.
/,/ /}/
F1 824 744
F2 1602 1823
Vowel duration 167.4 131.6
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items were nonwords in Dutch and English, according to the
CELEX database ~Baayen, Piepenbrock, and Gulikers, 1995!.
The items are presented in Table I.
The materials were recorded by a male native speaker of
British English. The speaker read the items one by one, sepa-
rated by a pause, in a clear citation style. The recording was
made in a soundproof booth with a Sennheiser microphone
and stored directly onto a computer at a sample rate of 16
kHz. For each target phoneme in each position, three tokens
were extracted from the file with the speech editor PRAAT.
For the items with a final stop, only tokens with a clearly
audible release burst were selected. These tokens were kept
unedited for the condition with release burst, and for the
condition without release burst the signal was truncated at
the last positive zero crossing before the release burst.
Acoustic measurements were made of several character-
istics which may be relevant for the distinction of the con-
trasts. The results are presented in Table II for the target
vowels, in Table III for the fricatives, and in Table IV for the
stops.
3. Design
Each fricative contrast occurred in initial and final posi-
tion. The stops occurred in three conditions: initial position,
final position with release burst, and final position without
release burst. The order of presentation of the initial and final
positions was counterbalanced. As the items in the two final
conditions were based on the same tokens, the final with
release burst condition always occurred after the final with-
out release burst condition. The target phonemes /2/ and /)/
also occurred as nontargets in stimuli for other contrasts. The
blocks were ordered such that the subjects were not exposed
to a phoneme before the contrast it was part of was being
tested.
The items were presented in 11 blocks, each block rep-
resenting one phoneme contrast in one condition. Each block
consisted of four repetitions of six tokens, semirandomized
such that the same phoneme occurred maximally five times
in succession and the same token maximally once.
4. Procedure
Participants were tested one at a time in a quiet room.
They were informed in their native language that they would
hear a series of nonwords, which would be similar except for
one sound. They were instructed to decide which one of two
alternatives this sound was, and to indicate their response
with a button press. Before each block, they received further
information about the two response alternatives in that block,
and about the position of the target phoneme. They were not
instructed about the truncation in the condition without re-
lease burst. Before the /,/–/}/ block, participants heard
some examples of nonwords containing these phonemes to
make it clear, particularly to the Dutch participants, which
sounds were intended. The other phonemes were not ex-
pected to cause uncertainty, and were not illustrated with
examples. Each block started with six practice trials. The
response buttons were labeled ‘‘A’’ and ‘‘E,’’ ‘‘Z’’ and ‘‘S,’’
‘‘V’’ and ‘‘F,’’ ‘‘B’’ and ‘‘P,’’ or ‘‘D’’ and ‘‘T,’’ respectively.
The experiment was controlled with NESU ~Nijmegen Experi-
ment Set-Up! experimental software. Stimuli were presented
binaurally over Sennheiser closed headphones at a comfort-
able listening level, one at a time. Participants responded by
pressing one of two response buttons. No time limit was
imposed for the responses. After each button press, presen-
tation of the next item started.
TABLE III. Experiment 1, acoustic measures of stimuli with initial and final fricatives: Mean vowel duration
~ms!, mean fricative duration ~ms!, and mean fricative power above 500 Hz ~logarithm of the spectral power of
the frication noise above 500 Hz in Pa2).
Initial Final
/6/ /2/ /3/ /)/ /6/ /2/ /3/ /)/
Vowel duration fl fl fl fl 258.7 130.5 264.9 118.5
Fricative duration 112.8 178.3 111.2 160.9 160.5 257.8 144.8 232.7
Fricative power 22.2 22.2 23.1 23.1 22.6 22.2 23.6 23.3
TABLE IV. Experiment 1, acoustic measures of stimuli with initial and final stops: Proportion of initial stops
with prevoicing, mean vowel duration ~ms!, mean F1 offset frequency ~Hz!, mean closure duration ~ms!,
proportion of final stops with voicing during closure, mean closure voicing duration ~as a percentage of total
closure duration!, and mean burst duration ~ms!.
Initial Final
/"/ /!/ /$/ /#/ /"/ /!/ /$/ /#/
Prevoicing 2/3 0 3/3 0 fl fl fl fl
Vowel duration fl fl fl fl 185.7 112.7 252.8 133.3
F1 offset frequency fl fl fl fl 246 261 272 310
Closure duration fl fl fl fl 82.1 117.8 59.1 113.6
Closure voicing fl fl fl fl 3/3 0 3/3 3/3
Closure voicing duration ~%! fl fl fl fl 94.2 0 100 27.5
Burst duration 10.8 22.6 16.3 18.7 67.5 72.0 72.0 122.9
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B. Results and discussion
One response with a reaction time ~RT! longer than
10 000 ms due to a technical error was removed. One Dutch
subject gave only ‘‘3’’ responses for the /3/–/)/ contrast in
final position. All responses of this subject on both /3/–/)/
contrasts were removed from the analysis. Mean percentages
of correct responses are presented in Table V. The sensitivity
measure d8 was calculated for each subject, for each con-
trast, and each condition separately, with a correction for
near-perfect sensitivity ~MacMillan and Creelman, 1991!.
Next, log b was calculated to investigate possible biases
~McNicol, 1972!. Mean values of d8 and log b are presented
in Table VI.
For the /,/–/}/ contrast, an analysis of variance
~ANOVA! showed that the d8s of the English listeners were
significantly larger than those of the Dutch listeners
@F(1,39)57.59,p,0.01# , indicating a higher sensitivity of
the English listeners. However, a t-test showed that the
Dutch listeners performed amply above chance (d850),
with d8s significantly larger than 3 @ t(19)55.38,p
,0.001# . There was no effect of native language on bias
@F(1,39)52.21,p.0.1# .
For the /6/–/2/ contrast, no interaction between condition
and native language @F(1,38)51.93,p.0.1# , and no main
effects of condition @F(1,38),1# and native language
@F(1,38),1# were found. No difference in bias between the
language groups was found for initial position @F(1,39)
,1# or for final position @F(1,39),1# .
For the /3/–/)/ contrast, no interaction between condition
and native language @F(1,37)51.22,p.0.1# , and no main
effects of condition @F(1,37),1# and native language
@F(1,37)52.40,p.0.1# were found. No difference in bias
between the language groups was found for initial position
@F(1,39)51.07,p.0.1# or for final position @F(1,38)
52.27,p.0.1# .
For the /"/–/!/ contrast, a significant interaction be-
tween condition and native language was found @F(2,76)
54.45,p,0.05# . A planned comparison of initial position
and final position with release burst yielded a significant in-
teraction between condition and native language @F(1,38)
58.65,p,0.01# . Therefore, separate analyses were per-
formed for both conditions and both language groups. In
initial position, the English listeners’ sensitivity was signifi-
cantly higher than the Dutch listeners’ sensitivity @F(1,39)
519.75,p,0.001# . In final position with release burst, there
was no effect of native language @F(1,39),1# . Comparing
initial position and final position with release burst for the
Dutch listeners only, a significantly lower sensitivity was
found for initial position @F(1,19)55.68,p,0.05# . For the
English listeners, there was no difference between initial po-
sition and final position with release burst @F(1,19)
52.98,p.0.1# .
In a planned comparison of final position with release
burst and final position without release burst, no interaction
was found between condition and native language @F(1,38)
51.21,p.0.1# . The effect of condition was significant
@F(1,38)510.69,p,0.01# , with d8 being larger for final po-
sition with release burst than for final position without re-
lease burst. There was no significant effect of native lan-
guage @F(1,38),1# .
For initial position, the effect of native language on bias
was significant @F(1,39)513.94,p,0.001# , with a bias to-
wards ‘‘!’’ responses for the Dutch listeners, and no bias
(log b50) for the English listeners. Neither the analysis of
log b for final position with release burst @F(1,39),1# nor
that without release burst @F(1,39),1# yielded a significant
effect.
The Dutch listeners’ bias towards ‘‘!’’ responses in ini-
TABLE V. Experiment 1 results: Mean percentage of correct responses as a function of participants’ native
language and condition.
Dutch English
Medial Initial
Final
released
Final
dereleased Medial Initial
Final
released
Final
dereleased
/,/ 96 fl fl fl 97 fl fl fl
/}/ 94 fl fl fl 100 fl fl fl
/6/ fl 96 96 fl fl 97 93 fl
/2/ fl 96 98 fl fl 98 95 fl
/3/ fl 95 94 fl fl 98 97 fl
/)/ fl 92 100 fl fl 98 99 fl
/"/ fl 86 96 92 fl 99 98 96
/!/ fl 98 98 93 fl 99 98 96
/$/ fl 99 94 95 fl 97 96 97
/#/ fl 99 98 94 fl 98 95 93
TABLE VI. Experiment 1 results: Mean d8 and log b as a function of
participants’ native language and condition. ~Higher values of d8 indicate
higher sensitivity. Negative values of log b indicate a bias towards the first,
and positive values towards the second phoneme of a contrast.!
Dutch English
d8 log b d8 log b
/,/–/}/ 4.21 20.28 4.96 0.59
Initial /6/–/2/ 4.48 20.25 4.57 0.00
Final /6/–/2/ 4.55 0.33 4.17 20.07
Initial /3/–/)/ 4.20 20.64 4.83 0.00
Final /3/–/)/ 4.61 1.23 4.79 0.43
Initial /"/–/!/ 3.93 1.76 5.14 0.00
Final /"/–/!/ released 4.68 0.34 4.72 0.02
Final /"/–/!/ dereleased 3.85 0.42 4.31 0.11
Initial /$/–/#/ 5.11 20.02 4.73 0.42
Final /$/–/#/ released 4.45 0.39 4.21 20.31
Final /$/–/#/ dereleased 3.90 0.09 4.11 21.00
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tial position suggested that their low sensitivity for the initial
contrast resulted from a high number of errors on /"/ items
rather than on /!/ items. As Table V shows, the Dutch listen-
ers’ percentage of correct responses for /!/ items was similar
to that of the English listeners ~98% vs 99%!, whereas the
Dutch listeners’ percentage of correct responses for /"/ items
was only 86%, compared to 99% for the English listeners.
Acoustical examination of the /"/ items showed that two of
the tokens were produced with prevoicing, and the third
without prevoicing ~Table IV!. The tokens with prevoicing
received 99% and 96% correct responses from the Dutch
listeners, whereas the token without prevoicing received only
63% correct responses from the Dutch listeners. This score is
identical to the percentage of correct responses for Dutch
initial voiced stops produced without prevoicing found by
Van Alphen and Smits ~2004!. As expected, the English lis-
teners categorized all tokens of initial voiced stops accu-
rately, regardless of the presence or absence of prevoicing.
Finally, for the /$/–/#/ contrast, no interaction was found
between condition and native language @F(2,76)51.18,p
.0.1# . There was a significant effect of condition @F(2,76)
510.54,p,0.001# . A posthoc Bonferroni test showed that
the sensitivity scores were higher in initial position ~note that
all initial /$/’s were prevoiced! than in final position with
release burst (p,0.05) and in final position without release
burst (p,0.001), and that the two conditions in final posi-
tion did not differ significantly from one another (p.0.1).
No effect of native language was found @F(1,38),1# . There
was no effect of native language on bias for initial position
@F(1,39)51.08,p.0.1# , for final position with release burst
@F(1,39)51.63,p.0.1# , or for final position without release
burst @F(1,39)53.75,p50.060# .
For both Dutch and English listeners, the removal of the
release burst affected the categorization of the /"/–/!/ con-
trast but not of the /$/–/#/ contrast. The signal remaining
after removal of the release burst may have contained clearer
cues for the alveolar stops than for the bilabial stops. For
example, the difference in vowel duration and in F1 offset
frequency of /$/ and /#/ was larger than that of /"/ and /!/
~Table IV!.
In general, the results for the four consonant contrasts
show a consistent pattern. For the sensitivity measure, no
interactions between position and native language were
found for the contrasts /3/–/)/, /6/–/2/, and /$/–/#/. The Dutch
listeners’ categorization of /3/–/)/ and /6/–/2/ was as accurate
in final position as in initial position, and as accurate as that
of the English listeners. For the /$/–/#/ contrast, both groups
performed better on initial position than on final position
with release burst. For the /"/–/!/ contrast, there was an
interaction between condition and native language. The En-
glish listeners outperformed the Dutch listeners on the initial
position. The absence of prevoicing of initial stops hindered
the Dutch listeners’ categorization in English as much as it
does in Dutch. As voiced stops are prevoiced less often in
English than in Dutch, this may cause Dutch listeners to
misperceive the voicing of initial stops in English more fre-
quently than in Dutch. Dutch and English listeners per-
formed equally well on the /"/–/!/ contrast in final position
with release burst. Although Dutch does not allow for voiced
obstruents in final, prepausal position, the Dutch listeners did
not have a bias towards voiceless responses in final position.
The results are in line with the predictions of the PAM.
Whereas the Dutch listeners categorized the /,/–/}/ contrast
less accurately than the English listeners did, they catego-
rized the English final voicing contrasts as accurately as the
initial contrasts, and as accurately as the English listeners
did.
Experiment 1 also tested categorization accuracy for fi-
nal stops without a release burst. A difference between the
Dutch and English listeners’ categorization accuracy could
have indicated a differential use of the duration of the pre-
ceding vowel as a voicing cue. However, the removal of the
release bursts of final stops did not influence the Dutch and
the English listeners differentially. For the /"/–/!/ contrast,
Dutch and English listeners performed better on items with
release burst than on the same tokens without release burst.
The removal of the release burst affected the performance of
the two language groups to the same extent. For the /$/–/#/
contrast there was no difference in sensitivity to items with
or without release burst, neither for the Dutch nor for the
English listeners. Thus, experiment 1 did not provide any
evidence that the Dutch listeners used vowel duration less
than the English listeners did.
However, experiment 1 was not a direct test of the use of
vowel duration as a cue. Apart from vowel duration, several
other cues remained available after removal of the release
burst ~e.g., F1 offset frequency, closure voicing; see Table
IV!. Thus, the Dutch listeners may have achieved a native-
like level of accuracy without using vowel duration as a cue.
On the other hand, the absence of a release burst may have
stimulated the Dutch listeners to use vowel duration, while
they may not do so when more perceptual cues are available.
The results from this experiment are not decisive about these
possibilities. In fact, any evidence of Dutch listeners using
vowel duration as a cue for final voicing would leave open
the possibility that their use of the cue was a reaction to the
task at hand.
Therefore, the use of vowel duration as a cue to final
obstruent voicing was investigated from a different angle in
experiment 2. In this experiment, stimulus materials were
constructed such that they did not stimulate but rather dis-
couraged the use of vowel duration as a voicing cue. The
question was addressed whether Dutch listeners use vowel
duration as a voicing cue as persistently as English listeners
do. If the Dutch listeners did not use vowel duration in ex-
periment 2, this would not imply that they never do so. How-
ever, it could show that Dutch listeners do not use this cue as
persistently as English listeners.
It was argued that among the languages that do not have
voiced and voiceless obstruents in final position, Dutch pre-
pares its listeners well for the use of vowel duration as a cue
to English word-final obstruent voicing. As Dutch has long
and short vowels, Dutch listeners are familiar with the use of
phonetic vowel duration. They also have native-language ex-
perience with the use of vowel duration as a cue to word-
medial obstruent voicing ~Van den Berg, 1989!. Although the
role of vowel duration as a cue to voicing seems to be
smaller in Dutch than in English, Dutch listeners’ familiarity
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with the cue in word-medial position may facilitate its use in
word-final position in English. Especially advanced learners
of English may have learned to use this word-final voicing
cue, combining their native and non-native language experi-
ence. Therefore, Dutch listeners with a high level of profi-
ciency in English might be expected to process the English
obstruent voicing contrast in a native-like manner, with a
native-like use of the vowel duration cue. If Dutch listeners
do not use vowel duration in a native-like manner, however,
this would raise the question whether non-native listeners
can ever be expected to process non-native but familiar pho-
neme contrasts in unfamiliar positions in a native-like man-
ner.
In experiment 2, Dutch and English listeners’ categori-
zation of English final voiced and voiceless obstruents was
investigated again. For reasons of comparison, categorization
of initial voicing contrasts was tested as well. For practical
reasons regarding the construction of phoneme continua,
only fricatives were tested.
III. EXPERIMENT 2
A. Method
1. Participants
Twenty-eight native speakers of Dutch and 28 native
speakers of British English, none of whom had participated
in experiment 1, took part in the experiment. The Dutch par-
ticipants had a high level of proficiency in English as a sec-
ond language ~as in experiment 1!, whereas the English par-
ticipants did not know any Dutch. The Dutch participants
were recruited from the Max Planck Institute participant
pool, and the English participants were recruited from the
participant pool of the Laboratory of Experimental Psychol-
ogy of the University of Sussex or at the University of Bir-
mingham. None reported any hearing loss. All were volun-
teers and received a small fee for participation.
2. Materials
The same nonwords for initial and final fricative con-
trasts were used as in experiment 1. The materials were re-
corded by the same native speaker of British English who
recorded the materials for experiment 1. The speaker read the
items one by one, separated by a pause, in a clear citation
style. The materials were recorded with a Sennheiser micro-
phone in a soundproof booth onto digital audiotape and
downsampled to 16 kHz during transfer to a computer. For
each contrast, two target sounds and one or two carriers were
extracted from the sound file, using the speech editor
XWAVES. The target sounds were used to create voicing con-
tinua which were spliced onto the appropriate carriers, as
described below.
From the nonword /6{:)/, /{:)/ was extracted, removing
the initial /6/, with the cut being made at the first positive
zero crossing after the offset of frication noise. From /)É:2/
and /)É:6/, /)É:/ was extracted, truncating the signal at the last
positive zero crossing before the onset of frication noise. In a
similar way, /É:%/ was extracted from /3É:%/, removing the
initial /3/, and /%É:/ was extracted from /%É:)/ and /%É:3/,
removing the final /)/ and /3/. These elements served as car-
riers.
An initial /6/ was extracted from another token of /6{:)/,
truncating the signal at the first positive zero crossing after
the offset of the frication noise. A final /6/ was extracted from
another token of /)É:6/, with the cut being made at the last
positive zero crossing before the start of the frication noise.
Similarly, an initial and a final /2/, /3/, and /)/ were extracted
from other tokens of /2{:)/, /)É:2/, /3É:%/, /%É:3/, /)É:%/, and
/%É:)/, respectively. For the initial and final /2/ and /)/, a
portion in the center of the fricative was removed, such that
the duration of each voiceless fricative matched the duration
of its voiced counterpart. The initial /2/ and /)/ were short-
ened by 2 and 8 ms, respectively, and the resulting durations
were 115 ms for the /2/ and 148 ms for the /)/. The final /2/
was shortened by 80 to 187 ms, and the final /)/ was short-
ened by 56 to 127 ms. The final /2/ and /)/ were shortened by
30% and 31%, respectively. The four pairs of phonemes that
were thus obtained served as the endpoints of the four con-
tinua. For each continuum, nine intermediate steps were gen-
erated, following the procedure of Stevenson ~1979! and
Repp ~1981!. In this procedure, the amplitudes of two wave-
forms are added in varying proportions. The proportions
have a ratio of 0–1 and 1–0 in the two endpoints, and are
equally spaced in the intermediate steps, always adding up to
1.
For each continuum, the two endpoints and the nine in-
termediate steps were spliced onto the appropriate carriers.
Thus, the resulting stimuli ranged from /6{:)/ to /2{:)/ and
from /)É:6/ to /)É:2/ for the alveolar fricatives, and from
/3É:%/ to /)É:%/ and from /%É:3/ to /%É:)/ for the labiodental
fricatives. For the two initial continua, there was one carrier
each. For the two final continua, there were two carriers
each. One was originally pronounced with a voiceless final
fricative and contained a phonetically short vowel ~of 118 ms
for the /6/–/2/ contrast and 98 ms for the /3/–/)/ contrast!; the
other was originally pronounced with a voiced final fricative
and contained a phonetically long vowel ~of 233 ms for the
/6/–/2/ contrast and 257 ms for the /3/–/)/ contrast!.
3. Design
Stimuli were blocked by contrast, position, and carrier.
Each block was presented to half of the participants. As there
were two carriers for final contrasts and one for initial con-
trasts, half of the participants only heard the two final con-
trasts, and the other half heard the two final contrasts and the
two initial contrasts. The order of the blocks with initial and
final contrasts was counterbalanced where applicable. As ex-
plained above, the nontarget consonants in the CVC items
were obstruents. As this restriction yields a limited number
of items that are nonwords in both languages, /)/ was part of
the carrier in the items where /6/ and /2/ were the target
sounds. Therefore, the /3/–/)/ contrast was always tested be-
fore the /6/–/2/ contrast. Each block consisted of 20 repeti-
tions of the 11 steps of the continuum, semirandomized such
that the same step could not occur twice in succession.
Crucially, each participant was presented with only one
carrier for each final contrast. For each participant, the dura-
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tion of the vowel for each final contrast was unvarying. Thus,
vowel duration was not informative for the voicing contrast.
For all participants, there was a mismatch between vowel
duration and other information in the signal for a subset of
the stimuli. When voiced fricatives were preceded by a short
vowel, or voiceless fricatives by a long vowel, vowel dura-
tion and information in the frication noise pointed in oppo-
site directions.
4. Procedure
The procedure was as described for experiment 1. Each
block was preceded by a practice part containing two presen-
tations of each of the 11 steps of the continuum in semiran-
domized order. The response buttons were labeled ‘‘Z’’ and
‘‘S,’’ or ‘‘V’’ and ‘‘F,’’ respectively.
B. Results and discussion
Eight responses with RTs longer than 10 000 ms due to a
technical error were removed from the analysis. The catego-
rization curves of each contrast in each position and for each
subject separately were fitted with logistic regression. From
the regression models, 50-percent crossover points were re-
trieved, reflecting the location of the category boundary.
From the models, a measure of the steepness of the catego-
rization curve at the 50-percent crossover point was com-
puted, indicating how categorical perception was. In five re-
sponse sets, the percentage of correct responses at step 1 or
11 did not exceed 50% ~one response set representing one
contrast in one position for one subject!. No logistic regres-
sions were performed on those response sets.
The categorization results for the initial contrasts are
presented in Table VII. There were no differences between
the Dutch and English listeners in the steepness of the slopes,
either for the /6/–/2/ contrast @F(1,27)51.55,p.0.1# or for
the /3/–/)/ contrast @F(1,26),1# .
The categorization results for the final /6/–/2/ contrast
are presented in Fig. 1. If vowel duration was used for the
categorization of ambiguous fricatives from the middle re-
gion of the voicing continuum, this should have resulted in a
shift between the curves corresponding to the long and short
vowel conditions. However, an ANOVA on the 50-percent
crossover points showed no interaction between vowel dura-
tion and native language @F(1,54)52.53,p.0.1# , and no
main effects of vowel duration @F(1,54)51.17,p.0.1# or
native language @F(1,54),1# .
The categorization results for the final /3/–/)/ contrast
are presented in Fig. 2. The graphs show that vowel duration
had a differential effect on the Dutch and the English partici-
pants’ categorization results. A significant interaction was
found between the effects of vowel duration and native lan-
guage on 50-percent crossover point @F(1,52)54.32,p
, .05# .
For the Dutch listeners, the categorization curves were
similar in the conditions with the short and with the long
preceding vowel. Although the curve for items with a long
vowel was located slightly further towards the voiceless side
of the continuum than the curve for the short vowel, the
50-percent crossover points were not statistically different
@F(1,27),1# .
For the English listeners, the categorization curve for the
items with a long vowel was strongly shifted relative to the
curve for items with a short vowel. The 50-percent crossover
points were significantly different in the two conditions
@F(1,24)518.63,p,0.001# , with a larger 50-percent cross-
over point for the condition with longer vowel duration,
showing a preference for ‘‘3’’ responses which persisted fur-
ther towards the voiceless side of the continuum.
Moreover, the English listeners categorized even the /)/
endpoint as ‘‘3’’ 31% of the time when it was preceded by a
long vowel. The difference between the curves for the short
FIG. 1. Experiment 2: Mean percentage of ‘‘6’’ responses to final fricatives
as a function of the place on an 11-step stimulus continuum ranging from /6/
to /2/, preceding vowel duration ~LV: long vowel; SV: short vowel!, and
participants’ native language.
FIG. 2. Experiment 2: Mean percentage of ‘‘3’’ responses to final fricatives
as a function of the place on an 11-step stimulus continuum ranging from /3/
to /)/, preceding vowel duration ~LV: long vowel; SV: short vowel!, and
participants’ native language.
TABLE VII. Experiment 2 results: Mean percentage of ‘‘6’’ or ‘‘3’’ re-
sponses to initial fricatives as a function of the place on an 11-step stimulus
continuum ranging from /6/ to /2/ or from /3/ to /)/ and participants’ native
language.
Dutch English
/6/–/2/ /3/–/)/ /6/–/2/ /3/–/)/
1 ~Voiced! 85 93 95 98
2 83 94 91 96
3 83 94 94 97
4 83 93 92 93
5 83 87 91 88
6 79 72 83 76
7 63 53 78 55
8 56 37 65 27
9 41 23 50 12
10 28 15 26 6
11 ~Voiceless! 10 9 8 3
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and long vowel conditions was located on the voiceless side
of the continuum. ANOVAs on arcsine-transformed propor-
tions showed that from steps 6 to 11 the proportion of ‘‘3’’
responses was significantly higher for items with a long
vowel than for items with a short vowel (p,0.01).
There was no effect of native language on steepness of
the slope in the short vowel condition @F(1,27),1# . In the
long vowel condition, the Dutch listeners’ categorization
curve was steeper than the English listeners’ curve
@F(1,24)54.76,p,0.05# , indicating that the Dutch listen-
ers’ categorization was more categorical than the native En-
glish listeners’ categorization.
Vowel duration thus affected the categorization of the
/3/–/)/ contrast and the /6/–/2/ contrast differentially. For the
final /3/–/)/ contrast, a change in vowel duration led to a shift
in the categorization curve for the English but not for the
Dutch listeners. For the final /6/–/2/ contrast, there was no
shift for either language group. A significant three-way inter-
action @F(1,48)510.12,p,0.001# among the effects of
vowel duration, native language, and place of articulation on
50-percent crossover point confirmed that the contrasts dif-
fered in this respect.
The finding that there was no effect of vowel duration
for the final /6/–/2/ contrasts is not surprising in itself, as
vowel duration was not informative in this experiment. As
vowel duration was kept constant for each participant
throughout the whole block, it did not have any cue value for
the voicing contrast. Nevertheless, the English listeners but
not the Dutch listeners showed an effect of vowel duration in
their categorization of the final /3/–/)/ contrast. As the En-
glish listeners based their categorization decisions on the un-
informative vowel duration, their categorization for the
/3/–/)/ contrast preceded by a long vowel was less categori-
cal than the Dutch listeners’ categorization.
The different results for the alveolar and labiodental fri-
catives may be caused by their acoustic characteristics.
Word-initial alveolar fricatives have a higher amplitude than
labiodental fricatives ~Jongman, Wayland, and Wong, 2000!.
A similar difference may exist in final position. Indeed, the
spectral power of the final /6/ and /2/ was higher than that of
the final /3/ and /)/ in experiment 1 ~Table III! and in experi-
ment 2 ~where the mean logarithms of the spectral power of
the frication noise above 500 Hz in Pa2 were 23.1 and
24.3, respectively!. Further, in final position, alveolar frica-
tives have a longer noise duration than labiodental fricatives
~Crystal and House, 1988!. This was also the case in experi-
ment 1 ~Table III! and in the original final fricatives in ex-
periment 2. Therefore, the information in the alveolar frica-
tion signal may generally be more easily perceptible for the
listener than the information in a labiodental. A less informa-
tive frication signal may stimulate listeners to exploit other
sources of information. This may explain why the English
participants took vowel duration into consideration in their
decisions for the final /3/–/)/ contrast, but not for the /6/–/2/
contrast.
English listeners categorized the same tokens signifi-
cantly more often as ‘‘3’’ when they were preceded by a
phonetically long vowel than when they were preceded by a
short vowel. Even the endpoint /)/ was categorized as ‘‘3’’
31% of the time in the long vowel condition. Apparently, the
long duration of the vowel pointed towards a voiced fricative
so strongly that it overruled the other information in the sig-
nal in many cases. Note that the reverse did not happen on
the other side of the continuum: tokens at the voiced end of
the continuum received a high percentage of voiced re-
sponses, even when preceded by a short vowel. Several fac-
tors may have contributed to this asymmetry. In the first
place, the final /)/ was shortened to match the duration of the
final /3/. As frication duration is a cue to voicing ~e.g., Wat-
son, 1983!, the shortening made the final /)/ more /3/-like.
Note that this shortening did not lead to a high percentage of
‘‘3’’ responses for the Dutch listeners, or for the English
listeners in the short vowel condition. Neither was there a
high percentage of ‘‘6’’ responses to the endpoint /2/, which
was shortened to a similar extent. Thus, the shortening can-
not explain the high percentage of ‘‘3’’ responses for the
English listeners in the long vowel condition, but it may have
made the /)/ endpoint more acceptable as a ‘‘3’’ than vice
versa. Second, listeners have experience with vowel shorten-
ing in fast speech. In fast speech, vowels are reduced rela-
tively more than consonants ~Gay, 1978!, so that not only the
vowel duration itself, but also the ratio of vowel and fricative
duration changes. Indeed, vowel lengthening before voiced
obstruents decreases at faster speaking rates ~Smith, 2002!.
As a result of this experience with absolute and relative
vowel shortening, listeners may find it easier to ignore short
vowel duration as a cue to voicing when it mismatches with
other cues than to ignore long vowel duration. In the third
place, phonologically voiced obstruents are phonetically of-
ten unvoiced ~Stevens et al., 1992!. Therefore, listeners may
show asymmetric weighting of the presence or absence of
phonetic voicing. The presence of phonetic voicing may sig-
nal a voiced obstruent relatively strongly, while its absence
may not point as strongly towards a voiceless interpretation.
This may have contributed to the finding that tokens on the
voiced side of the continuum were predominantly perceived
as voiced, whereas in the long vowel condition, tokens on
the voiceless side of the continuum were less often perceived
as voiceless.
IV. GENERAL DISCUSSION
The results of the two experiments presented in this pa-
per show that a native-like level of accuracy may be reached
for the categorization of non-native phonemes, even though
the phonemes are not necessarily processed in a native-like
manner.
Experiment 1 investigated the accuracy with which
Dutch listeners categorized English contrasts with different
degrees of correspondence in Dutch phonology. The /,/–/}/
contrast, which the PAM predicts to be among the most dif-
ficult English contrasts for Dutch listeners, was indeed found
to be the most difficult contrast in this experiment. Although
the Dutch listeners performed amply above chance, the En-
glish listeners showed a significantly higher sensitivity than
the Dutch listeners did. The obstruent voicing contrasts are
matched by similar contrasts in Dutch, and the PAM predicts
them to be easy to distinguish. Although Dutch voicing con-
trasts do not occur in final position, the Dutch listeners cat-
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egorized the English final voicing contrasts as accurately as
~or even more accurately than! the initial contrasts, and as
accurately as the English listeners did. Dutch listeners were
not biased towards voiceless responses in final position.
The PAM does not make any predictions about the per-
ception of familiar contrasts in unfamiliar positions. The
present study suggests that an unfamiliar position does not
necessarily complicate the perception of familiar but non-
native contrasts. For example, in experiment 1 the Dutch
listeners categorized the /"/–/!/ contrast more accurately in
the unfamiliar final position than in the familiar initial posi-
tion. In order to make predictions about the perception of
familiar contrasts in familiar and unfamiliar positions, it is
important to take into account that speech sounds have dif-
ferent acoustic characteristics in different positions. The ex-
tent to which these characteristics overlap with those of the
native speech sounds seems an important predictor of the
ease with which non-native listeners can distinguish between
the sounds.
In experiment 1, no evidence was found that the Dutch
listeners used vowel duration as a cue to final voicing less
than the English listeners did. The removal of the release
burst from final stops did not affect the Dutch listeners’ cat-
egorization more than it affected the English listeners’ cat-
egorization. However, the Dutch listeners may have achieved
a native-like level of accuracy without using vowel duration
as a cue. Flege ~1989! found a native-like level of accuracy
for Chinese listeners’ categorization of unedited tokens of
English final /$/–/#/. Nonetheless, the Chinese listeners were
found to rely on cues in the release burst more than the
English listeners did. They had achieved a native-like accu-
racy through a non-native-like manner of processing. When
the release burst was removed, they were no longer able to
maintain a native-like level of accuracy. The Dutch listeners
may have been better able to adapt to the removal of the
release burst. Their knowledge about English voicing cues
may have been sufficient to use those cues that remained
available when the burst had been removed ~e.g., F1 offset
frequency, closure voicing!. They may have achieved a
native-like level of accuracy for the categorization of stops
without release burst without using vowel duration. On the
other hand, it is also possible that the absence of a release
burst stimulated the Dutch listeners to use vowel duration,
while they may not do so when more perceptual cues are
available. Thus, the results from experiment 1 left the possi-
bility open that non-native listeners do not need to process
non-native phonemes in a native-like manner in order to
achieve a native-like level of accuracy.
Therefore, experiment 2 tested the use of the duration of
the preceding vowel as a cue to final fricative voicing with
items which were constructed such that they did not stimu-
late the use of vowel duration as a voicing cue. In experi-
ment 2, categorization of initial fricative voicing contrasts
was tested as well. In line with the results from experiment 1,
no differences were found between Dutch and English listen-
ers’ categorization of initial fricative voicing contrasts.
In order not to stimulate the Dutch listeners to use vowel
duration more than they would normally do, but rather dis-
courage its use, the vowel duration cue was kept uninforma-
tive. Vowel duration even mismatched with other informa-
tion in the signal for some of the tokens. Nevertheless, the
English listeners tried to use vowel duration for the catego-
rization of /3/ and /)/. Especially, the categorization of tokens
with long vowels was often consistent with vowel duration.
Apparently, for the English listeners, vowel duration was
such an important cue for final voicing that it often overruled
other information in the signal. The Dutch listeners, on the
other hand, did not use vowel duration at all. Even in the
middle range of the continuum, for tokens with an ambigu-
ous identity, there was no effect of vowel duration on the
Dutch listeners’ categorization of final /6/–/2/ or /3/–/)/.
Thus, in experiment 2, Dutch listeners did not categorize
final voiced and voiceless obstruents in a native-like manner.
The Dutch listeners were able to ignore vowel duration when
it was uninformative and misleading. They differed in this
respect from the English listeners, who ignored vowel dura-
tion for the categorization of the final /6/–/2/ contrast, but
relied heavily on it for the categorization of the final /3/–/)/
contrast. As a result, for the /3/–/)/ contrast preceded by a
long vowel, Dutch listeners’ categorization curve was steeper
than that of the native English listeners. As vowel duration
was not informative and sometimes mismatched with other
voicing cues, English listeners’ use of vowel duration for the
/3/–/)/ contrast resulted in less categorical perception.
The Dutch listeners, who did not use vowel duration as a
cue in experiment 2, may do so in other circumstances where
the cue is informative. Indeed, they may have used vowel
duration as a cue in experiment 1. However, the results from
experiment 2 showed that the Dutch listeners did not use
vowel duration as persistently as the English listeners did.
This may be a result from their native-language experience,
where vowel duration is a less important cue to ~word-
medial! obstruent voicing than in English. From their native-
language experience, the Dutch listeners may have inferred
that vowel duration is only a minor cue to English final ob-
struent voicing as well. Another explanation could be that
Dutch listeners are regularly exposed to English spoken by
native speakers of Dutch. Elsendoorn ~1985! has shown that
the difference in vowel duration before voiced and voiceless
final obstruents in the English spoken by Dutch learners is
smaller than that in the English of native speakers. From
exposure to English spoken by Dutch learners, Dutch listen-
ers may have learned to ignore vowel duration as a voicing
cue when it is uninformative.
It was argued that Dutch prepares its listeners well for
the distinction of English word-final obstruent voicing.
Dutch has obstruent voicing contrasts which are perceptually
similar to English contrasts, which makes the English con-
trasts easy to distinguish according to the PAM ~Best et al.,
1988!. Dutch allows for voiceless obstruents in word-final
position, which has been found to facilitate perception of the
distinction ~Flege and Wang, 1989!. Dutch provides experi-
ence with phonetic vowel duration for the distinction of pho-
nemically long and short vowels, which has been found to
facilitate the use of this cue for the final consonant voicing
contrast ~Crowther and Mann, 1992!, and Dutch provides
experience with the use of vowel duration as a cue to word-
medial obstruent voicing ~Van den Berg, 1989!. Indeed,
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Dutch listeners were found to categorize English final ob-
struent voicing with a native-like level of accuracy. Never-
theless, they were found to use vowel duration as a cue less
persistently than the English listeners did.
As even native listeners of Dutch, who had the neces-
sary experience for a native-like use of vowel duration, and
who had a high level of proficiency in English, did not use
perceptual cues in a native-like manner, this raises the ques-
tion whether non-native listeners can ever be expected to
process non-native but familiar phoneme contrasts in unfa-
miliar positions in a native-like manner.
Although the Dutch listeners in this study had a high
level of proficiency in English, they had not reached a level
of ultimate attainment. Their English perception skills were
still open to improvement. However, such improvement may
not involve the use of perceptual cues for contrasts which
they could already accurately distinguish. As the results from
the experiments in this paper show, a native-like level of
accuracy can be achieved, even when the perceptual cues are
not processed in a native-like manner. Possibly, Dutch listen-
ers can learn to use vowel duration as a cue to English word-
final obstruent voicing in a fully native-like manner with a
native-like persistence, for example through laboratory-
based training, but there may be no need to learn this for
normal language use. Presumably, the second language
learner’s goal is not to process language in a native-like man-
ner, but rather to be able to understand ~and produce! the
language well enough to meet the learner’s communicative
needs. If a native-like use of perceptual cues is not necessary
for accurate perception, it is possible that listeners may never
learn to perceive non-native phonemes in a native-like man-
ner. The benefits of native-like processing may be too small,
or even nonexistent.
It should be relatively easy for Dutch listeners to learn to
use vowel duration in an English native-like manner, and
nonetheless, in experiment 2 the Dutch listeners did not use
vowel duration as a cue when the English listeners did. As
even these Dutch listeners did not use vowel duration in a
native-like way, it seems likely that native listeners of lan-
guages for whom the cue is harder to learn would in many
cases not use the cue in a native-like manner either. The
reasoning can be extended to other perceptual cues as well.
The vowel duration cue provides a great amount of informa-
tion about the English voicing contrast, and it is a very im-
portant cue for English listeners. It therefore seems a good
candidate for native-like use by non-native listeners. As even
this cue was not used in a native-like way, it seems likely
that other, less informative cues would in many cases not be
used in a native-like manner either. Thus, for the distinction
of non-native but familiar contrasts in unfamiliar positions, a
native-like manner of phonetic processing may hardly ever
be attained.
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